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a b l e a n a l y t i c a l l y . A l g a e , w h i c h l a c k s u c h a n
e n z y m e s y s t e m , m a k e a m u c h s m a l l e r u s e
o f t h e o r g a n i c c o m p o u n d s i n n a t u r a l w a t e r s .
T o w h a t e x t e n t m u l t i c e l l u l a r o r g a n i s m s c a n
m a k e u s e o f t h e d i s s o l v e d o r g a n i c m a t t e r
i n w a t e r i s s t i l l a n o p e n q u e s t i o n . W h e r e a s
p h y t o p l a n k t o n i s t h e m a j o r p r i m a r y p r o d u c e r
o f o r g a n i c m a t t e r i n u n p o l l u t e d n a t u r a l
w a t e r s , h e t e r o t r o p h i c b a c t e r i a a r e u s u a l l y t h e
m a i n c o n s u m e r s a n d d e c o m p o s e r s . U n d e r
n a t u r a l c o n d i t i o n s a s t a t e o f d y n a m i c e q u i -
l i b r i u m e x i s t s b e t w e e n t h e p r o c e s s e s o f pro~
d u c t i o n , c o n s u m p t i o n a n d d e c o m p o s i t i o n . A
s u d d e n r i s e i n t h e p r o d u c t i v i t y o f p h y t o -
p l a n k t o n w i l l , t h e r e f o r e , u s u a l l y r e s u l t i n a n
i n c r e a s e i n b a c t e r i a l g r o w t h , l e a d i n g t o a
r i s e i n t h e r a t e o f d e c o m p o s i t i o n o f o r g a n i c
m a t t e r . S o m e t i m e s t h e q u i t e a p p r e c i a b l e
a m o u n t o f d i s s o l v e d o r g a n i c m a t t e r w h i c h
o n e c a n o b s e r v e i n s o m e n a t u r a l w a t e r s i s
t h e r e s u l t o f c o n d i t i o n s w h i c h a r e u n f a v o u r -
a b l e t o b a c t e r i a l g r o w t h , a n d a b u i l d - u p o f
o r g a n i c m a t e r i a l w i l l t h e n b e t h e r e s u l t .
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D I S S O L V E D O R G A N I C M A T I E R I N
L A K E S A N D R I V E R S
A c c o r d i n g t o W E L C H ( 1 9 5 2 ) t h e t o t a l d i s -
s o l v e d s o l i d s i n f r e s h w a t e r s r a n g e g e n e r a l l y
f r o m 1 5 t o 3 0 0 p p m .
K R Y L O V A a n d S K O P I N T S E V ( 1 9 5 9 )
f o u n d t h a t t h e o r g a n i c m a t t e r c o n t e n t o f
l a r g e r i v e r s i n t h e U S S R v a r i e d b e t w e e n
3 . 5 - 6 0 p p m , w i t h t h e n i t r o g e n c o n t e n t o f t h e
o r g a n i c m a t t e r b e t w e e n 2 . 4 - 7 . 8 % ( a v e r a g e
4 . 7 0 / 0 ) ( D Y S H K O a n d S K O P I N T S E V 1 9 5 9 ) .
I n t h e l a k e s o f t h e M o s c o w r e g i o n t h e o r g a n i c
m a t t e r c o n t e n t v a r i e d b e t w e e n 3 - 2 5 p p m w i t h
t h e n i t r o g e n c o n t e n t o f t h e o r g a n i c m a t t e r
b e t w e e n 2 . 5 - 1 2 . 2 % ( a v e r a g e 5 . 5 % ) .
I n t h e W i s c o n s i n l a k e s t h e o r g a n i c m a t t e r
w a s f o u n d t o v a r y b e t w e e n 2 . 9 - 3 9 . 6 p p m
w i t h a n a v e r a g e o f 1 2 . 8 p p m ( W E L C H
1 9 5 2 ) . F o r L . M e n d o t a ( o n e o f t h e W i s c o n s i n
l a k e s ) , B I R G E a n d J U D A Y ( 1 9 2 2 ) c a 1 c u -
l a t e d a n a n n u a l p r o d u c t i o n o f d r y o r g a n i c
m a t t e r b y p l a n k t o n o f a p p r o x i m a t e l y 1 . 2 k g /
m ' . A n o t h e r , a l t h o u g h m u c h l e s s i m p o r t a n t
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m a t t e r p e r s q u a r e m e t r e .
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i n l a k e s i s s e v e r a l t i m e s l a r g e r t h a n t h e
o r g a n i c m a t t e r c o n t a i n e d i n t h e p l a n k t o n .
B I R G E a n d J U D A Y ( I 9 2 6 a , 1 9 2 6 b ) o b -
s e r v e d f o r t h e W i s c o n s i n l a k e s t h a t t h e
d i s s o l v e d c a r b o h y d r a t e s f o r m a p p r o x i m a t e l y
l O x t h e a m o u n t o f p l a n k t o n i c f a t s a n d t h e
d i s s o l v e d p r o t e i n 3 x t h a t o f t h e p r o t e i n c o n -
t a i n e d i n t h e p l a n k t o n . F o r t h e s a m e l a k e s
i t w a s f o u n d t h a t o f t h e d i s s o l v e d o r g a n i c
m a t t e r , c a r b o h y d r a t e s c o n s t i t u t e s l i g h t l y o v e r
8 0 % , p r o t e i n s a b o u t \ 5 % a n d e t h e r - e x t r a c t -
a b l e m a t t e r l e s s t h a n 1 % . T h e m e a n C / N
r a t i o w a s \ 2 . 7 ( B I R G E a n d J U D A Y 1 9 3 4 ) .
O H L E ( 1 9 6 8 ) e s t i m a t e d t h a t i n s o m e l a k e s
9 0 % o f t h e a u t o c h t h o n o u s p r i m a r y p r o d u c t s
a r e a l r e a d y d e c o m p o s e d j u s t b e n e a t h t h e
e u p h o t i c z o n e . T h
m a t t e r i n l a k e s C 1
a v e r y f a s t r a t e .
W i t h r e s p e c t t o
i n f r e s h w a t e r s e c
H O S H I K A W A ( 1 5
o r g a n i c m a t t e r c o n I
a l l y d e c r e a s e d w i t !
s e d i m e n t . V I S S E F
o b s e r v a t i o n s w h e n
p o s i t i o n o f o r g a n i c
c o n d i t i o n s i n t h e ~
A c c o r d i n g t o \ \
p r a c t i c a l l y n o d i f I
c h a r a c t e r i s t i c s o f 0
a n d m a r i n e w a t e r s
F r e e a m i n o a c i d s
I n t e m p e r a t e c I
T a b l e 1 . T h e O c c u r r e n c
C o n c e n t r a t i o n
( p p m )
p r o l i n e
t r y p o t c
0 . 0 5 - 0 . 2 3 t o t a l a J
l O . 1 5 - O . 7 5 t o t a l a l
l
0 . 0 0 1
a l a n i n e
l
0 . 0 0 1
a s p a r t i ,
l
0 . 0 0 1 g l u t a m
l
0 . 0 0 1 g l y c i n e
0 . 1 2 - 0 . 7 2 t o t a l 3 J
a l w a y s
a l a m
a s p '
g l u t .
g I y d
o c c a s i c
l e u c i
s e r i n
v a l i r
0 . 0 0 1 - 0 . 0 2 a l a n i n E
a s p a r t i
g l y c i n e
s e r i n e
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Table 1. The Occurrence of Free Amino Acids in Lake and River Waters
Concentration types described location
(ppm)
Japanese lakes, rivers, snow lSH1WATARl et al. (1965)
and rain
Free amino acids




FOGG el 01. (1955)
HUTCHINSON (1957)
BRIGGS (1962 a)
HOLLUTA £1 01. (1955)
JUDAY and PETERSON (1925) observed
a rise in the amino acid and protein content
of lake waters in winter and a fall during the
summer. They concl uded from their analyses
that the water at the bottom of a lake is
richer in amino acids than that at the sur-
face. OHLE (1968) reports a similar pheno-
menon.
For the actual amino acids and their con-
centration in natural waters see Table 1. It
is shown that the following amino acids have
so far been reported in natural waters: ala·
nine, aspartic acid, cystine, glutamic acid,
glycine. histidine, leucine, proline. serine,
tryptophan, tyrosine and valine. Alanine,
aspartic acid, glumatic acid and glycine seem
to be the most commonly occurring amino
acids.




































euphotic zone. The breakdown of organic
matter in lakes can, therefore, proceed at
a very fast rate.
With respect to organic matter present
in freshwater sed.iIm:nts, TAMAKI and
HOSHIKAWA (1954-1955) found that the
organic matter content of a pond mud gener-
ally decreased with the particle size of the
sediment. VISSER (1964) made similar
observations when investigating the decom-
position of organic matter under submerged
conditions in the presence of clay minerals.
According to WELTE (1959) there are
practically no differences in the chemical
characteristics of organic matter from fresh
and marine waters.
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a n d S K O P I N T S E V ( 1 9 5 9 ) f o u n d a n o r g a n i c
n i t r o g e n c o n t e n t o f 0 . 1 5 - 2 . 1 4 p p m , w h i l s t f o r
l a k e s i n t h e M o s c o w r e g i o n , t h e o r g a n i c
n i t r o g e n c o n t e n t v a r i e d f r o m 0 . 1 6 - 1 . 7 0 p p m .
I S H I W A T A R I , I T O a n d H A N Y A ( 1 9 6 5 )
r e p o r t e d a n a v e r a g e f r e e a m i n o a c i d · n i t r o g e n
c o n t e n t i n J a p a n e s e w a t e r s o f l e s s t h a n 1 . 3 ' 7 0
o f t h e t o t a l o r g a n i c n i t r o g e n c o n t e n t . T h i s
a g r e e s w i t h o b s e r v a t i o n s b y I V L E R A a n d
D A T S K O ( 1 9 6 5 ) w h o s h o w e d a f r e e a m i n o
a c i d - n i t r o g e n c o n t e n t o f t h e w a t e r s o f R u s -
s i a n r e s e r v o i r s o f 0 . 4 - 1 . 2 ' 7 0 o f t h e t o t a l
o r g a n i c n i t r o g e n c o n t e n t . A s s u m i n g a n o r -
g a n i c n i t r o g e n c o n t e n t o f t h e s a m e o r d e r
a s t h a t m e n t i o n e d b y D Y S H K O a n d
S K O P I N T S E V ( 1 9 5 9 ) , t h i s a m o u n t s t o a n
a v e r a g e a m i n o a c i d c o n t e n t o f t h e o r d e r
o f 0 . 0 0 4 · 0 . 1 2 5 p p m .
F r e e a m i n o a c i d s i n s u b s u r f a c e w a t e r s
w e r e r e p o r t e d b y B Y K O V A ( 1 9 6 0 ) .
O t h e r nitrog~nous c o m p o u n d s p r e s e n t i n
n a t u r a l w a t e r s c o m p r i s e h y d r o x y l a m i n e ,
w h i c h w a s f o u n d i n a J a p a n e s e m o u n t a i n
l a k e ( T A N A K A 1 9 5 3 ) , p u r i n e s , w h i c h w e r e
r e p o r t e d b y . P E T E R S O N , F R E D a n d
D O M O G A L L A ( 1 9 2 5 ) i n L . M e n d o t a a n d
b y S H A B A R O V A ( 1 9 5 0 ) i n a l a k e m u d ,
a n d u r e a p r e s e n t i n f i I t e r e d l a k e w a t e r s
f r o m s e v e r a l N e w Z e a l a n d l a k e s ( B R I G G S
1 9 6 2 b ) .
W i t h r e s p e c t 1 0 f r e e a m i n o a c i d s i n f r e s h -
w a t e r s e d i m e n t s , S W A I N ( 1 9 6 1 ) f o u n d t h a t
t h e s e a r e r a r e o r a b s e n t i n t h e d e p o s i t s o f
s o m e N o r t h A m e r i c a n l a k e s .
F r o m h i s o b s e r v a t i o n t h a t m o s t o f t h e
a m i n o a c i d s p r e s e n t i n l a k e s e d i m e n t s w e r e
a l s o p r e s e n t i n t h e s a m e r e l a t i v e c o n c e n t r a -
t i o n i n t h e s e s t o n , P O V O L E O O ( I 9 5 9 a )
c o n c l u d e d t h a t t h e c h e m i c a l c o m p o s i t i o n o f
t h e o r g a n i c m a l t e r i n l a k e s e d i m e n t s r e f l e c t s
t h a t o f t h e s e s t o n p r e s e n t i n t h e s u p e r n a t a n t
w a t e r s .
I n t h e s e d i m e n t s o f o n e o f t h e l a k e s i n
N u r t h e r n I t a l y , P O V O L E O O ( 1 9 5 9 a ) f o u n d
t h e p r e s e n c e o f 2 , 2 ' - d i a m i n o p i m e l i c a c i d .
K A P E L L E R - A D L E R a n d V E R I N G ( 1 9 3 1 )
r e p o r t e d t r a c e s o f m o n o m e t h y l a m i n e i n
f r e s h w a t e r s e s t o n , w h i l s t S H O R E Y ( 1 9 1 3 )
o b t a i n e d i n d i c a t i o n s o f t h e p r e s e n c e o f t r i -
m e t h y l a m i n e i n a s a l t m a r s h d e p o s i t .
P e p t i d e s a n d p r o t e i n s
F o r s o m e E n g l i s h l a k e s , F O G G a n d
W E S T L A K E ( 1 9 5 5 ) o b s e r v e d p e p t i d e - N
c o n c e n t r a t i o n s o f 0 . 0 1 6 - 0 . 0 4 3 p p m . T h i s
w o u l d a m o u n t t o a p e p l i d e c o n c e n t r a t i o n o f
a p p r o x i m a t e l y 0 . 1 0 - 0 . 2 7 p p m . M u c h h i g h e r
p e p t i d e - N c o n t e n t s w e r e r e p o r t e d f o r s o m e
W i s c o n s i n l a k e s b y H U T C H I N S O N ( \ 9 5 7 ) .
H i s f i g u r e s w o u l d a m o u n t t o a t o t a l p e p t i d e
c o n c e n t r a t i o n o f app~oximately 0 . 4 5 - 2 . 0 0
p p m .
K O N S H I N ( 1 9 3 9 ) s h o w e d f o r t h e s e d i -
m e n t s o f l a k e s i n t h e M o s c o w a n d L e n i n g r a d
r e g i o n s , i n w h i c h t h e t o t a l n i t r o g e n r a n g e d
f r o m 1 . 0 7 - 3 . 6 3 0 / 0 ' t h a t o n l y 1 / 3 t o 1 / 2 o f
t h e f r e s h w a t e r n i t r o g e n o c c u r r e d i n t h e f o r n l
o f p r o t e i n a c e o u s c o m p o u n d s .
B R A G A G N O L O ( 1 9 4 9 ) r e p o r t e d t h e
p r e s e n c e o f g l u t a t h i o n e i n n a t u r a l w a t e r .
V A L L E N T Y N E ( 1 9 5 4 ) f o u n d i n t h e a c i d
h y d r o l y s a t e s o f d i s p e r s e d o r g a n i c m a t t e r o f
s o m e N o r t h A m e r i c a n l a k e s t h e f o l l o w i n g
a m i n o a c i d s : a s p a r t i c a c i d ; g l u t a m i c a d d .
a l a n i n e , l e u c i n e a n d / o r i s o l e u c i n e . S H A -
B A R O V A ( 1 9 5 0 ) r e p o r t e d t h e p r e s e n c e o f
t h e f o l l o w i n g a m i n o a c i d s i n f r e s h w a t e r
s e d i m e n t s a f t e r h y d r o l y s i s : a l a n i n e , a r g i n i n e ,
c y s t i n e , h i s t i d i n e , l e u c i n e , l y s i n e a n d t r y o -
s i n e ; w h e r e a s B L U M E N A L S a n d S W A I N
( 1 9 5 6 ) s h o w e d t h a t h y d r o l y s a t e s o f v a r i o u s
l a k e s e d i m e n t s , p e a t s a n d h u m i c a c i d c o n s t i -
t u e n t s o f p e a t c o n t a i n e d t h e f o l l o w i n g a m i n o
a c i d s : a l a n i n e . a s p a r t i c a c i d , g l u t a m i c a c i d .
g l y c i n e , l e u c i n e a n d / o r i s o l e u c i n e , s e r i n e ,
t h r e o n i n e a n d v a l i n e . S W A I N i n t w o l a t e r
p u b l i c a t i o n s ( 1 9 5 9 , 1 9 6 1 ) r e p o r t e d t h a t
a m i n o a c i d s w i t h c o n c e n t r a t i o n s r a n g i n g
f r o m l e s s t h a n 2 p p m t o m o r e t h a n 4 , 0 0 0
p p m ( o n a w e t - w e i g h t b a s i s ) w e r e o b t a i n e d
i n a c i d h y d r o l y s a t e s o f s e d i m e n t s f r o m
v a r i o u s N o r t h A m e r i c a n l a k e s . H e s t a t e d
t h a t f r e s h l y c o l l e c t e
c o n t a i n a v a r i e t y 0 1
f i e d l a k e d e p o s i t s c (
b e s i d e s f l u t e l i n s 0
f o u n d t h a t n e u t r a l
f i e d o r g a n i c l a k e S l
b r o w n - w a t e r d y s t f i
p r e s e r v a t i o n o f n e
a c i d s i n t h e a p p l
w h e r e a s t h e b a s i c B
i n t h i s e n v i r o n m e n
A c i d b o g s a n d i
d e p o s i t s w e r e f o u n l
t i o n o f s o m e o f I
a u u i t i o n t o s e v e r a l
v i r o n m e n t s a r e , 0 1
t o t h e p r e s e r v a t i o n
w h i c h a r e d e s t r o :
L a k e s e d i m e n t s ,
g e n e r a l l y y i e l d "
a m i n o a c i d s w i t h I
a c i d i c o r b a s i c 8 1
t r u e f o r a l k a l i t r o p
b r o w n - w a t e r o b l i g
T a b l e 2 . T h e O c c u r r e ,
C o n c e n t r a t i o n
( p p m )
o
g l u c <
s u c r e
0 . 0 0 1 g l U C l
s u e n
0 . 1 8 3 - - 0 . 7 1 6
t o t a l
g l u e .
g l u e
l
m a n
S U C T
x y l C l
g l u e
t . J - 2 . 9
t o t a
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Carbohydrates
Table 2 shows the distribution of free
carbohydrates in lake and river water. From
the analyses it appears that glucose, man-
nose, sucrose and xylose can usually be
detected. Glucose is invariably present. Ac·
cording to BIRGE and JUDAY (1934)
carbohydrates disappear less rapidly during
decomposition than proteins. In contrast to
amino acids, carbohydrates did not show any
seasonal fluctuations in reservoir waters in
the USSR rrVLEVA and DATSKO 1965),
but in Oyster Pond (USA), WALSH (1966)
found the lowest concentration of carbo-
hydrates occurring during a period of plank-
ton bloom. In Japanese lakes, SUGAWARA
(1965) observed that the total carbohydrate
content was highest in the epilimnion (0.73-
1.26 ppm) during the summer stagnation.
fhe ratios of the dissolved carbohydrates
10 the total carbohydrates .were about 1/2,
2:/3 and I in the epilimnion. thermocline
and hypolimnion respectively.
Table 2. The Occurrence of Free Carbohydrates in Lake and River Waters
Concentration types described location reference
(ppm)
0 • L. Beleye (USSR) GORYUNOVA (1954)
glucose Easlern Ontario lakes VALLENTYNE and
sucrose WHITTAKER (1956)
O.OOt glucose New Zealand lahs BRIGGS (1962 a)
sucrose
0.183-0.716 total sugars natural waters (USSR) SEMENOV ef af. (1964)
glucose L. Zurich SCHURMANN (1964)




glucose L. Erken (Swedes) WRIGHT ef af. (1966)
1.3-2.9 IOtal sugars Oyster Pond (U.S.A.) WALSH (1966)
that freshly collected eutrophic lake deposits
contain a variety of proteins, whereas humi-
tied lake deposits contain little or no proteins
besides flutelins or sclero-proteins. Swain
found that neutral peat deposits. well·humi-
tied organic lake sediments and deposits of
brown-water dystrophic lakes favour the
preservation of neutral and acidic amino
acids in the approximate ratio of 6:],
whereas the basic amino acids are degraded
in this environment.
Acid bogs and incompletely decomposed
deposits were found to favour the preserva-
tion of some of the basic amino acids in
addition to several neutral types. These en·
vironments are, on the whole. detrimental
to the preservation of the acidic amino acids,
which are destroyed by decarboxylation.
Lake sediments of low organic content:
generally yield small amounts of neutral,
amino acids with practically no or very few,'
acidic or basic amino acids. The same is
true for alkalitrophic lake deposits and fort'
brown·water obligotrophic lake sediments.
owed for the sedi·
wand Leningrad
tal nitrogen ranged
nly 1/3 to 1/2 of



















IVAIN in two later
51) reported that
;entrations ranging













r ppm. Much higher
reported for some
CHINSON (1957).
t to a total peptide
ximately 0.45·2.00
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R O G E R S ( 1 9 6 5 ) o b s e r v e d t h e f o l l o w i n g
n a t u r a l s t a b i l i t y s e r i e s f o r c a r b o h y d r a t e s i n
t h e l a c u s t r i n e e n v i r o n m e n t o f t w o M i n n e s o t a
l a k e s :
f a i r l y s t a b l e : x y l o s e . g l u c o s e . r h a m n o s e .
a r a b i n o s e
m o d e r a t e l y s t a b l e : r i b o s e . m a n n o s e
f a i r l y u n s t a b l e : g a l a c t o s e
v e r y u n s t a b l e : g l u c u r o n i c a c i d
B Y K O V A ( 1 9 6 0 ) s h o w e d t h a t s u b s u r f a c e
w a t e r s c o u l d a l s o c o n t a i n c a r b o h y d r a t e s .
A l d e h y d e s u p t o a c o n c e n t r a t i o n o f 0 . 1 1
p p m ( i n t e n u s o f ' f o r m a l d e h y d e e q u i v a l e n t s )
w e r e f o u n d i n t h e h y p o l i m n i o n o f t h e
J a p a n e s e L K i z a k i ( K A M A T A 1 9 6 6 a ) .
I n t h e s e d i m e n t s o f l a k e s t h e o r i g i n o f t h e
f r e e c a r b o h y d r a t e s i s p r e s u m a b l y m a i n l y
f r o m p o l y s a c c h a r i d e b r e a k d o w n . a l t h o u g h
s o m e o f t h e s u g a r s s u c h a s s u c r o s e m a y
h a v e b e e n d e r i v e d d i r e c t l y f r o m t h e s u g a r s
o f l i v i n g p l a n t s ( W H I T T A K E R a n d V A L -
L E N T Y N E 1 9 5 7 ) . T a b l e 3 s h o w s t h a t t h e
c a r b o h y d r a t e s i d e n t i f i e d i n l a k e a n d r i v e r
s e d i m e n t s c o m p r i s e a r a b i n o s e . f r u c t o s e ,
g a l a c t o s e , g l u c o s e , l a c t o s e , m a l t o s e , m a n n o s e .
r i b o s e , s u c r o s e a n d x y l o s e . T h e m o s t
c o m m o n l y o c c u r r i n g i s g l u c o s e , w h e r e a s
g a l a c t o s e w a s a l s o f r e q u e n t l y f o u n d . W H I T -
T A K E R a n d V A L L E N T Y N E ( 1 9 5 7 ) o h -
s e r v e d t h a t m o s t o f t h e c a r b o h y d r a t e s i n
s e d i m e n t s w i l l b e a b s o r b e d o n t o t h e i n ·
s o l u h l e m a t t e r a n d w i J 1 , l h e r e f o r e , n o t o c c u r
i n t h e i n t e r s t i t i a l w a t e r o f t h e m u d . A s i n
5 . 0 0 0 - 9 , O O O - y e a r - o l d g y t t j a s t i l l 3 1 - 1 9 1 p p m
o f f r e e g l u c o s e w a s f o u n d ( T a h l e 3 ) f r e e
s u g a r s a r e n o t s o q u i c k l y d e c o m p o s e d a s i s
s o m e t i m e s a s s u m e d . K e t o s e s a r e p r o b a b l y
r a t h e r u n s t a b l e i n s e d i m e n t s ( V A L L E N -
T Y N E 1 9 5 7 b ) .
W i t h r e g a r d t o t h e p r e s e n c e o f p o l y s a c -
c h a r i d e s i n l a k e a n d r i v e r w a t e r s . S E M E -
N O V , I V L E V A a n d D A T S K O ( 1 9 6 4 ) s t a t e d
t h a t i n n a t u r a l w a t e r s o f t h e U S S R t h e
r e d u c i n g s u g a r s o f h y d r o l y s a t e s m a k e u p
0 . 5 1 7 - 1 . 7 4 0 p p m . t h i s a c c o r d i n g t o I V L E V A
a n d D A T S K O ( 1 9 6 5 ) r e p r e s e n t s 1 . 8 - 5 . 5 %
o f t h e t o t a l o r g a n i c c a r b o n .
G O R Y U N O V A ( 1 9 5 4 ) f o u n d f o r L . B e l o y e
t h a t m o s t o f t h e o r g a n i c m a t t e r i n s o l u t i o n
c o n s i s t e d o f p o l y s a c c h a r i d e s .
P o l y s a c c h a r i d e s f r o m u n d e r g r o u n d w a t e r s
i n T o k y o a p p e a r e d t o c o n s i s t o f a r a b i n o s e ,
g a l a c t o s e . r h a m n o s e a n d x y l o s e ( K O B A -
Y A S H I 1 9 6 3 ) .
A c i d h y d r o l y s i s o f t h e n c a r - s u r f a c e b o t -
t o m s e d i m e n t s o f t w o M i n n e s o t a l a k e s g i v e
r i s e t o e i g h t s u g a r s , w h i c h i n o r d e r o f
d e c r e a s i n g a b u n d a n c e . w e r e f o u n d t o b e :
a r a b i n o s e , x y l o s e . g a l a c t o s e , g l u c u r o n i c a c i d ,
g l u c o s e , r h a m n o s e , m a n n o s e a n d r i b o s e .
T h e s e s u g a r s v a r i e d i n c o n c e n t r a t i o n f r o m
1 0 0 - 1 9 , 1 0 0 p p m o f d r y s e d i m e n t . A c i d h y d r o -
l y s i s o f t h e l o w e r [ a y e r s o f t h e s e d i m e n t s
p r o d u c e d x y l o s e . g l u c o s e , a r a b i n o s e , g a l a c -
t o s e , m a n n o s e a n d r h a m n o s e ( R O G E R S
1 9 6 5 ) . I n a c i d h y d r o l y s a t e s o f g y t t j a ,
V A L L E N T Y N E a n d B I D W E L L ( 1 9 5 6 )
o b s e r v e d I h e f o l l o w i n g s u g a r s : f r u c t o s e .
g l u c o s e . g a l a c t o s e , x y l o s e . r i b o s e a n d a r a b i -
n o s e .
H u m i c c o m p o u n d s
R Y H A N E N ( 1 9 6 8 ) s t a t e d t h a t t h e a v e r a g e
c o n t e n t o f h u m i c s u b s t a n c e s j n l a k e s a n d
r i v e r s i s a p p r o x i m a t e l y 1 3 p p m . T h i s f r a c -
t i o n . w h i c h a c c o r d i n g t o G J E S S I N G ( 1 9 6 7 )
h a s a m o l e c u l a r w e i g h t r a n g e b e t w e e n 7 0 0
a n d 2 0 , 0 0 0 c o n s i s t s o f f u l v i c a c i d s a n d o f
h u m i c a c i d s ( O H L E 1 9 3 3 . T I I I E M E 1 9 3 6 ) .
I n s o m e s w a m p y l a k e s o f t h e E s t o n i a n S S R
t h e p e r c e n t a g e o f t h e f u l v i c a c i d f r a c t i o n
w a s f o u n d t o b e h e t w e e n 4 2 - 7 6 % o f t h e
t o t a l o r g a n i c m a t t e r o f t h e l a k e s ( S I M M
1 9 5 8 ) . I n t h e w a t e r s o f s o m e m o o r l a n d a r e a s
o f E n g l a n d , W I L S O N ( 1 9 5 9 ) r e p o r t e d a
f u l v i c a c i d c o n t e n t o f b e t w e e n 2 - 3 0 p p m .
C H R I S T M A N ( 1 9 6 3 , 1 9 6 4 ) a n d C H R I S T -
M A N a n d G H A S S E M I ( 1 9 6 6 ) d e s c r i h e d l h e
f u l v i c a c i d f r a c t i o n a s t o b e m a d e u p o f
y e l l o w a r o m a t i c p o l y h y d r o x y - m e t h o x y - c a r h o -
x y l i c a c i d s w i t h a n e q u i v a l e n t w e i g h t o f
T a b l e 3 . T h e O c c u r r e r
C o n c e n l r a t i o n
( p p m )
p e n t a !
t o t a l :
m a i n !
2 4 - 7 2
g l u e
( d r y ' e d t )
o t h e r l
g a l .
a r a t
x y l 0
r i b < >
m a i n a
g 1 u o
K I l l . .
o t h c n :
x y l o
r i b a
a r i b i
u n c o m
, u " , "
f r u c l
( r u c t O l !
gluco~
m a l t o s
s u c r o o
3 1 - 1 9 1
g l u c o o
( d r y s e d t l
( r u c t o
g a l a c t ,
g l u c m
S U C I a !
x y l o s e
g a l a c l
g l U C D
l a c t o s
m a l l o
s u c r o
xylo~
8 9 - 1 1 3 a n d c o n l a
r i n g s . S H A P I R O
e d t h a t t h e C 0 1 0 1
a c i d s i s w i t h o u t
i d e n t i f i e d t h e m
t h e f u l v i c a c i d I
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Table 3. The Occurrence of Free Carbohydrates in Freshwater Sediments
Concentration types described location reference
(ppm)
pentoses river and lake Seston near SKOPINTSEV (1948)
Moscow
total: main sugar:
24--72 glucose (> 50/~) North American lakes VALLENTYNE (1954)



















31-191 glucose sediment, Bethany Bog VALLENTYNE and
(dry sedt) (Connecticut) BIDWELL (1956)
fructose
galactose Italian lake deposits POVOLEDO (1959 a)
glucose
sucrose
xylose and {or arabinose
galacto.-e







~) found for L Beloye







which in ordcr of











~ ribose and arabi.
that the average
cO' in lakes and
3 ppm. This frac-
GJESSING (1967)
ge between 700











be made up of
,y-rnethoxy·carbo_
valent weight of
89-113 and containing di-substituted phenyl
rings. SHAPIRO (1956), however, has claim-
ed that the coloured fraction of the fllivic
acids is without an aromatic structure. He
identified the main colouring material of
the fulvic acid fraction as organic carbo-
xylic hydroxy acids with a molecular weight
of between 200·400 (SHAPIRO 1958. 1963,
1964).
Humic acids Were found to occur in the
above·mentioned Estonian lakes at concen-
trations of 4-13 % of that of the total organic
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m a t t e r ( S I M M 1 9 5 8 ) , w h e r e a s C H R I S T -
M A N ( 1 9 6 3 ) r e p o r t e d f o r N o r t h A m e r i c a n
w a t e r s a c o m b i n e d h u m i c a c i d a n d h y m a -
t o m e l a n i c a c i d c o m ; e n t r a t i o n o f l e s s t h a n
1 0 % o f t h e o r g a n i c m a t t e r p r e s e n t . I V L E V A
a n d D A T S K O ( 1 9 6 5 ) f o u n d i n s o m e R u s s i a n
w a t e r r e s e r v o i r s a h u m i c · C c o n c e n t r a t i o n o [
0 . 7 - 3 . 4 % o f t h e t o t a l o r g a n i c - C . W h e r e a s
a r o m a t i c g r o u p ! ' > w e r e i n d i c a t e d i n h u m i c
a c i d s b y L A M A R a n d G O E R L I T Z ( 1 9 6 4 )
b e s i d e s o l e f i n i c , h y d r o x y a n d c a r b o x y l i c
g r o u p s , K A R A V A E V a n d B U D Y A K ( 1 9 6 0 ) ,
a s w e l l a s I S H I W A T A R I , K O S A K < \ a n d
H A N Y A ( 1 9 6 6 ) r e p o r t e d t h a t h u m i c s u b -
s t a n c e s f r o m ' l a k e s e d i m e n t s ! ' > h o w n o a r o m a -
t i c c h a r a c t e r . O n o x i d a t i o n o f h u m i c m a t t e r
l h t : s e a u t h o r s o b t a i n e d m a l o n i c , s u c c i n i c ,
g l u t a r i c , a d i p i c a n d s o m e l o n g - c h a i n a c i d s
b u t p r a c t i c a l l y n o p h t h a l i c a c i d . N e i t h e r d i d
I R s p e c t r a s h o w a r o m a t i c o r - C = C - o r
- C - H b o n d s . T h e a p p a r e n t s t a b i l i t y o f
h u m i c s u b s t a n c e s o f l a k e s < i n d r l v e r s a c -
c o r d i n g t o R Y H A N E N ( 1 9 6 8 ) i s m a i n l y d u e
t o a l a c k , o f a p p r o p r i a t e n u t r i e n t s s u c h a s
N o r P . A n i n c r e a s e i n t h e l e v e l s o f t h e s e
w i l l o f l e n r e s u l t i n a r a p i d m i c r o b i a l b r e a k -
d o w n D f h u m u s .
A b o v e a c e r t a i n L " o n c e n t r : l t i o n h u m i c add~
c a n b e t o x i c t o s e v e r a l t y p e s o f z o o p l a n k t o n
( C Z E C Z U G A 1 9 5 7 ) .
P h e n o l i c c o r n p o l l n d s
P h e n o l i c c o m p o u n d s s u c h a s p h e n o l s ,
p h e n o l c a r b D x y l i c a c i d s a n d p h e n o l g l u c o s i d e s
w h i c h h a v e b e e n f o u n d t o o c c u r i n n a t u r a l
w a t e r s , o r i g i n a t e m a i n l y f r o m t h e d e c o m -
p o s i t i o n o f o r g a n i c m a t t e r . T h e y c a n e x e r t
a p r e s e r v a t i v e a n d a n t i s e p t i c a c t i o n t o t h e
e n v i r o n m e n t .
K A P L I N a l l d F E S E N K O ( 1 9 6 5 ) f o u n d
p h e n o l s a t a c o n c e n t r a t i o n o f 3 . 4 - 3 6 . 4 I ' g i l
i n r i v e r s a n d p o n d s o f t h e N o r t h e r n C a u -
c a s u s , w h i l s t K A P L I N . M A T V E E V a n d
F E S E N K O ( 1 9 6 5 ) d e t o c t e d p h e n o l s v a r y -
i n g i n c o n c e n t r a t i o n f r o m 2 . 1 - 6 4 . 2 I ' g i l
i n s a m p l e s f r o m r i v e r s , a g l a c i e r a n d a
g l a c i e r l a k e i n t h e C a u c a s u s . S o m e n a t u r a l
w a t e r s i n t h e K r a s n o y a r s k i y r e g i o n ( U S S R )
w e r e f o u n d t o c o n t a i n 4 . 1 I ' g i l o f p h e n o l
( D I Y U K a n d K T R T C H U C K , 1 9 6 3 ) . S H A -
P I R O ( 1 9 5 1 ) r e p o r l e d p h e n o l i c c o m p o u n d s
a t a c o n c e n t r a t i o n o f 2 0 0 , 4 0 0 I ' g i l i n s p r i n g s
a t t h e T r u s k a v e t s h e a l t h r e s o r t . T h e y c o m -
p r i s e d : g u a i a c o l , t h y m o l . c a r v a c r o l , c r e s o l .
x y l e n o l a n d " - n a p h t h o l . A l k a l i a n d a l k a l i n e
e a r t h n a p h t h e n a t e s h a v e b e e n f o u n d i n
n a t u r a l w a t e r s w h i c h h a v e b e e n i n c o n t a c t
w i t h p e t r o l e u m ( M U L I K O V S K A Y A 1 9 5 6 ) .
P h e n o l i c c o m p o u n d s o f t e n o c c u r i n p o l -
l u t e d w a t e r s . I n t h e r i v e n R h i n e t h e y w e r e
•
f o u n d t o m a k e u p a p p r o x i m a t e l y 5 . 3 % o f
t h e o r g a n i c m a t t e r p r e s e n t i n t h e r i v e r
( H O L L U T A a n d T A L S K Y , 1 9 5 5 ) . C o m -
p o u n d s t h a t c o u l d b e i d e n t i f i e d w e r e : r e -
s o r c i n o l , p h l o r o g l u c i n o l . g u a i a c o l . p h e n o l ,
s a l i c y l a l c o h o l , c h l o r o p h e n D l s , h y d r o x y t o l u -
e n e s , t h y m o l , h y d r o x y b e n z o i c a c i d s , g a l l i c
a d d , p r o t o c a t e c h u i c a c i d , h y d r o x y h i p p u r i c
a c i d a n d n a p h t h o l s . H O A K ( 1 9 6 2 ) r e p o r t e d
i n s o m e w a t e r s m i n u t e q u a n t i t i e s o f p h e n o l ,
m - c r e s o l a n d 3 , S - d i m e t h y l p h e n o l .
L i p i d s , f a t t y a c i d s a n d u l h e r o r g a n i c a c i d s
A c c o r d i n g t o B I R G E a n d J U D A Y ( 1 9 2 6 a ,
1 9 2 6 b , 1 9 3 4 ) t h o c o n c e n t r a t i o n o f e t h e r -
e x t r a c t a b l e f a t s i n s o m e N o r t h A m e r i c a n
l a k e s w a s a p p r o x i m a t e l y 4 % o f t h e d i s -
s o l v e d o r g a n i c m a t t e r . W E L C H ( 1 9 5 2 ) r e -
p o r t e d a c o n c e n t r a t i o n o f l h e s e l i p i d s i n t h e
l a k e w a t e r s o f 0 . 2 - 0 . 8 p p m .
T h e d i s t r i b u t i o n o f t h e l o w e r f a t t y a c i d s
i n l a k e s a n d r i v e n ; h a s b e e n t a b u l a t e d i n
T a b l e s 4 a n d 5 . I t i s s h o w n t h a t i n t h e w a t e r s
f o r m i c a c i d , a c e t i c a d d , p r o p i o n i c a c i d ,
b u t y r i c a c i d a n d v a l e r i e a c i d h a v e b e e n
d e t e c t e d . w i t h a c e t i c a c i d a : - i t h e m o s t com~
m o n l y o c c u r r i n g c o m p o n e n t .
I n f r e s h w a t e r s e d i m e n t s m u c h l a r g e r c o n -
c e n t r a t i o n s o f t h e l o w e r f a t t y a c i d s h a v e
b e e n f o u n d t o b e p r e s e n t t h a n i n t h e w a t e r s .
S o f a r f o r m i c a c i d , a c e t i c a c i d , p r o p i o n i c
a c i d a n d b u t y r i c a c i d h a v e b e e n d e t e c t e d ,
T a b l e 4 . T h e 0
C a n c e n t r a t i o n
( p p m )
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Table 4. The Occurrence of Dissolved Lower Fatly Acids in Lake and River Waters
Concentration types described location
(ppm)
natural watcrs (Krasnoyarskiy DIYUK et al. (1963)
region-USSR)
Table 5. Thc Occurrence of Lower Fatty Adds in Freshwater Sediments
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KOLOSOVA el al. (1957)
MOLLER el al. (1958)
POVOLEDO (1959 c)
BRIGGS (1962 a)
KOBAYASHI ef al. (1962)
HOAK (1962)




KUZNETZOV (1934, a, 1934 b)
KUZNETZOV el al. (1935)
SPERANSKAYA (1935)
VALLENTYNE (1957 b)
MIYOSHI el al. (1962)
1 0 0 D R . S . A . V I S S E l l .
T a b l e 6 . T h e O c c u r r e n c e o f O r g a n i c A d d s i n L a k e a n d R i v e r W a t e r s
w i t h a c e t i c a c i d a g a i n a s t h e m a i n c o m -
p o n e n l . M I Y O S H I , S H I R A I a n d K A D O T A
( 1 9 6 2 ) f o u n d t h a t t h e c o n c e n t r a t i o n o f t h e s e
a c i d s f e U w i t h t h e d e p t h f r o m w h i c h t h e
s e d i m e n t w a s o b t a i n e d .
T h e p r e s e n c e o f h i g h - m o l e c u l a r w e i g h t
f a t t y a c i d s i n f r e s h w a t e r s h a s b e e n r e p o r t e d
b y B R A U S , M I D D L E T O N a n d W A L T O N
( 1 9 5 1 ) a n d b y G O R Y U N O V A ( 1 9 5 2 , 1 9 5 4 ) .
T h e l a t t e r a u t h o r r e p o r t e d f o r L . G l u h o -
k a y e ( U S S R ) t h a t t h e b u l k o f t h e 9 6 p p m
o f o r g a n i c m a t t e r w h i c h w a s p r e s e n t , c o n -
1 . 3 - 3 . 2 t o t a l o r g a n i c a c i d s
C o n c e n t r a t i o n t y p e s d e t e c t e d
( p p m )
H y d r o c a r b o n s a n d s .
H y d r o c a r b o n s i n ,
2 . 0 - 4 . 4 p p m w e r e h
s p r i n g w a t e r a t t h e 1
( U S S R ) b y S H A P T I
h y d r o c a r b o n s i n s u
b e e n r e p o r t e d b y B
c y c l i c h y d r o c a r b o n s , I
g e n i c . w e r e f o u n d i
B O R N E F F a n d F I :
1 9 6 3 ) . C o m p o u n d s c c
p y r c n e ; I I , 1 2 - b e n z o f l l
p e r y l e n e : 3 . 4 - b c n z o P l
t h e n e ; 1 0 , l I - b e n z n f l l
thracene~ c h r y s e n e ;
i n d e n o ( I , 2 , 3 - c d ) p y r
I n l a k e d e p o s i t s
( 1 9 5 6 ) d e l e c l e d a t l
c a r h o n s o r 8 9 0 - 3 , 6 0 C
i t i s n o l o u r i n t e I I
m a n y r e p o r t s o n h l
m e n t s n e a r g e o l o g i c
E s t r o g e n i c s u b s t a l
b y B R A G A G N O L C
N O L O a n d S A N !
m i n e r a l w a t e r s . p a r
t h e r a p e u t i c a l p u r p o
( 1 9 3 0 ) w e r e t h e f i r s
o f p h y t o s t e r o l a n d (
d e p o s i t s . S t e r o l s w e I
w a t e r s e d i m e n t s b y
E R D M A N ( 1 9 6 4 ) .
r e l a t i o n b e t w e e n t h
e n v i r o n m e n t a n d t h
s e d i m e n t .
S u b s t a n c e s w i t h
f o u n d i n t h e m u i 0
i n s o m e J a p a n e s e
S R I S H I R A I a n d
p o r t e d t h e p r e s e n c e
P O V O L E D O ( 1 9 5 9 ,
f o l l o w i n g k e t o a c i d
N o r t h I t a l i a n l a k e s :
a c i d , o x a l a c e t i c a c i d
H O L L U T A e t a f . ( 9 5 5 )
r e f e r e n c e
L A M A R , / a l . ( 1 9 6 3 )
F O G G e l a l . ( 1 9 6 4 )
K A M A T A ( 1 9 6 6 b )
M O L L E R e t a l . ( 1 9 5 8 )
f R I S T A V I e t a l . ( 1 9 6 5 )
B R I G G S ( 1 9 6 2 b )
B Y K O V A e t a l . ( 1 9 6 4 )
K O B A Y A S H I e t a l . ( 1 9 6 2 )
S H A P I R O ( 1 9 5 1 )
s i s t e d o f h i g h - m o l e c u l a r w e i g h t f a t t y a c i d s
a n d c o l l o i d a l c o m p l e x e s . G O R Y U N O V A
( 1 9 5 4 ) a l s o r e p o r t e d t h e p r e s e n c e o f h i g h -
m o l e c u l a r w e i g h t f a t t y a c i d s i n L . B e l o y e
( U S S R ) .
T h e o c c u r r e n c e o f o t h e r o r g a n i c a c i d s i n
l a k e a n d r i v e r w a t e r s i s s h o w n i n T a b l e 6 .
T h e a c i d s s o f a r d e t e c t e d c o m p r i s e : c i t r i c
a c i d , g l y c o l l i c a c i d , l a c t i c a c i d , m a l i c a c i d ,
o x a l a c e t i c a c i d . p y n ' Y l e a c i d a n d s u c c i n i c
a c i d , w i t h l a c t i c a c i d a s t h e m o s t c o m m o n l y
o c c u r r i n g c o m p o n e n t .
R i v e r R h i n e
( p o l l u t e d )
s u r f a c e a n d s u b - s u r f a c e
w a t e r s ( 5 . Y a k u t i a - U S S R )
l o c a t i o n
J a p a n e s e l a k e
m i n e r a l w a t e r s
( B o r z h o m i - U S S R )
R j y e r T a m a ( J a p a n )
N e w Z e a l a n d l a k e s
s p r i n g w a t e r s
(Truskavets~USSR)
l a c t i c a c i d
a m i n o b e n z o i c a c i d
b e n z o i c a c i d
g a l l i c a c i d
h y d r o x y b e n z o i c a c i d
h y d r o x y h i p p u r i l : a d d
p h t h a l i c a c i d { t r a c e )
p r o t o c a t e c h u i c a c i d
t o t a l o r g a n i c a c i d s
t o t a l o r g a n i c a c i d s
g l y c o l l i c a c i d
l a c t i c a c i d
m a l i c a c i d
p y r u v i c a c i d
s u c c i n i c a c i d
o x a l a c e t i c a c i d
p y r u v i c a c i d
l a c t i c a c i d
c i t r i c a c i d
l a c t i c a c i d
m a l i c a c i d
O . 0 0 - Q . 0 5
1 . 2 7 . 2
0 . 4 4 > . 6
( m e q I L )
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;ular weight fatty adds
,Iexes. GORY UNOVA
I the presence of high-
tty acids in L. Beloye
[ other organic acids in
is is shown in Table 6.
~tected comprise: citric
lactic acid, malic acid,
llvic acid and succinic




LLER et al. (1958)





IAR et al. (1963)
bet al. (1964)
I
)VA et al. (1964)
rAVI ef al. (1965)
HA (1966 b)
UTA et al. (19.5.5)
In some Japanese lake sediments. MIYO-
SHI SH IRAI and KADOTA (1962) re-
ported the presence of lactic acid, whereas
POVOLEDO (\959a, 1959b) detected the
following keto acids in deposits of some
North Italian lakes: pyruvic acid, glyoxylic
acid, oxalacetic acid and 2-oxoglutaric acid.
Hydrocarbons and sterols
Hydrocarbons in a concentration between
2.0-4,4 ppm were found to be present in
springwater at the Truskavets health resort
(USSR) by SHAPIRO (1951). Traces of
hydrocarbons in subsurface waters have
been reported by BYKOVA (1960). Poly-
cyclic hydrocarbons, many of which carcino-
genic, were found in polluted waters by
BORNEFF and FISHER (I 962a, 1962b,
1963). Compounds comprised: nuoranthene;
pyrene; II, 12-benzofluoranthenc; I,12-benzo-
perylene; 3,4-benzopyrene; 3,4-benzoftuoran-
thene; 1O,11-benzoftuoranthene; l,2-benzan-
thracene; chrysene: 1,12-bel1zoperylene and
indeno (1,2,3-cd) pyrene.
In lake deposits in Minnesota, SWAIN
(1956) detected a total amount of hydro-
carbons of 890-3,600 ppm.
It is not our intention to review here the
many rcports 011 hyd.rocarbons in environ-
ments near geological oil formations.
Estrogenic substa,.ce have been reported
b-, BRAGAGNOLO (1949) and DRARAG-
NOLO and SANESI (1950) in several
mineral waters, particularly those used for
therapeutical purposes. TRASK and WU
(1930) were the first to report the prese'!ce
of phytosterol and cholesterol in fresh""'atcr
deposits. Sterols were also detected in fresh-
water sediments by SCHWENDIGER and
ERDMAN (1964). They could find no cor-
relation between the sterol conten t of the
environment and the depth of Oil rial of the
sediment.
Substances with estrogenic activity were
found in the muj of several Grecian Springs
by LOUROS, TERZIS, PAVLATOU and
EYANGELOPOULOS (1958). Phenol ste-
roids were present in concentrations of 75-
250 I'- g/kg mud, whereas estrogens were
present in the range of 10-80 I'- g/kg mud.
Estrogenic substances have also been re-
ported in the mud~ of Czechoslovakian
baths (KILIAN 1937), in muds of Roumania
(RA1NER and VLADUTIN 1938), in thera-
peutic muds of Lettland (KRASTINS 1939)
and in mud of the spa Tuheljske Toplice
(KRSNIK, TOCMIC and SUPEK 1944).
Pigments
Table 7 shows that a great many pig-
ments have been found to be present in
freshwater seston and sediments. The com-
pounds so far detected comprise: anthero-
zanthin, wcarotene. f3-carotene, diatoxanthin,
echincnone(?), ftavacin, ftavorhodin, fuco-
xanthin, glycemerin, leproten~, lutein, myxo·
xanthin, myxoxanthophyll, peta10xanthin,
rhodopu qm rin, rhodoviolasein, sulacatoxan-
thin(?), torulene, xanthophyll and zeaxanthin.
The average total t:oncen tration of the caro-
tenoids and the xanthophylls in sediments
seems to be of the order of 30 ppm.
MURAVEISKY and CHERTOK (1938)
found for L. Biserovo (USSR) that in the sedi-
ment xanthophylls (0.26% per dry weight)
predominated over caroten,es (0.1770)' where-
as SCHWENDIGER and ERDMAN (1963)
stated that all xanthophyll to carotene ratios
of both freshwater and marine sediments
have been found to be within the range of
1.3-3.6.
According to BELCHER and FOGG
(1964) the ratio of chlorophyllic degradation
products absorbing at 667 m p. to ephiphasic
matter, mainly f3-carotene with an absorp-
tion at 450 m ,11., can be use1 as an inverse
index of the fertility of a lake at the time
of the formation of the sediment.
Flavinoid pigments like chlorophylls may
1 0 2 D R . S . A . V I S S E R
T a b l e 7 . T h e O c c u r r e n c e o f P i g m e n t s i n F r e s h w a t e r S e d i m e n l s
i
t y p e s !
I
c o n c e n t r a t i o n
( p g I L )
V i t a m i n s a n d t o x i n
S e v e r a l v i t a m i n s
a q u a t i c e n v i r o n m e n l
m i n s i n t h e w a t e r s .
v i t a m i n s a r e s h o w n
d e t e c t e d i n f r e s h w a
V i t a m i n B I z m a J
l o g i c a l f a c t o r a s r n
h a v e a B I z r e q u i r e t
o f t h e v i t a m i n w a J
l a k e t o i n c r e a s e W i '
K A K I M O T O a n d
I t w a s a l s o f o u n d
l a r g e s t i n t h e e a r l
a f t e r s u n r i s e ( K A :
K A N A Z A W A , K
1 9 5 9 ) . E M A N U
C H E V A a n d D A !
I
i
T a b l e 8 . T h e O c c u r r e o C l
,
a l s o b e p r e s e r v e d i n
o f y e a r s . A c c o r d i n 1
T E R I S ( 1 9 6 4 ) t h e I
f l a v i n o i d p i g m e n t s i
u s e d a s a n i n d i c a t i
l o g i c a l a c t i v i t y o f t
r e f e r e n c e
V A L L E N T Y N E ( 1 9 5 7 a )
V A L L E N Y N E ( 1 9 5 5 )
A N D E R S E N e t 0 1 . ( 1 9 5 5 )
T I T O V ( 1 9 5 0 )
K L l M O V e f 0 1 . ( 1 9 3 7 )
B E A T T Y ( 1 9 4 1 )
SA~INOY e f a l . ( 1 9 5 0 )
T R A S K e f 0 1 . ( 1 9 3 0 )
B A U D I S C H e f 0 1 . ( 1 9 3 4 )
B A U D I S C H ( 1 9 3 8 )
I n t e r g l a c i a l g y t t j f l - D e n m a r k
( 1 0 0 , 0 0 0 y r s o l d )
C a n a d i a n l a k e s e d i m e n t
( 1 1 , 0 0 0 y r s o l d )
l o c a t i o n
L S e a r l e s s e d i m e n t
( 2 0 , 0 0 0 y r s o l d )
l a k e s e d i m e n t s ( U r a l - U S S R )
m e d i c i n a l m u d
( U k r a i n e - U S S R )
o r g a n i c d e t r i t u s
l a k e s e d i m e n t s
S w e d i s h g y t t j a
S w e d i s h g y t l j a
5 c h l o r o p h y l l d e r i v a t i v e s
3 y e l l o w p i g m e n t s :
f u c o x a n t h o l ,
l u t e o l o r r e l a t e d c o m p o u n d s
r e d p i g m e n t s ( i n c l u d i n g a
c a r o t e n o i d )
u n s a p o n i f i a b l e p i g m e n t s
3 c h l o r o p h y l l d e g r a d a t i o n
p r o d u c t s
c a r o t e n e s :
a - c a r o t e n e
~-carotene
e c h i n e n o n e ( ? )
x a n t h o p h y i l s .
c a r o t e n o i d s
t y p e s d e t e c t e d
c a r o t e n e
c a r o t e n e
f 3 - c a r o t e n e
c h l o r o p h y l l
4 x a n t h o p h y l l s
c a r o t e n e
c h l o r o p h y l l
x a n t h o p h y l l s
c a r o t e n o i d s
1 . 5 - 3 3 . 3
( d r y s e d ' )
9 - 5 7
( w e t s e d t )
u p t o 3 0
2 3 . 0 < p - c a r o t .
e q u i v a l e n t s )
2 7 . 8 ( p - c a r o t .
e q u i \ ' a l e n t s )
C o n c e n t r a t i o n
( p p m )
r h o d o v i o l a s c i n
L . N a k u r u ( K e n y a )
K A R R E R e f 0 1 . ( 1 9 4 0 )
0 . 0 3 - 1 . 2
t h i .
0 . 0 0 3 - Q . O O 4 b i o t i n '
p - c a r o t e n e , f t a v a c i n ,
l u t e i n , m y x o x a n t h i n ,
m y x o x a t h o p h y l l ,
s u l c a t o x a n t h i n ( ' 1 )
s e s t o n V A L L E N T Y N E ( 1 9 5 7 b )
0 . 1 5 - - 0 . 8 9
n i a c i n
I l l - 5 0
( w e t s e d O
a n t h e r o x a n l h i n , f 3 - c a r o t e n e ,
f 3 - c a r o t e n e , d i a t o x a n t h i n ,
f t a v o r h o d i n , f u c o x a n t h i n .
g l y c y m e r i n , l e p r o t e n e .
m y x o x a n t h i n , p e t a l o x a n t h i n .
r h o d o p u r p u r i n , r h o d o v i o -
J a s c i n , t o r u l e n e , x a n t h o p h y l l ,
z e a x a n t h i n
f l a v i n o i d p i g m e n t s
l a k e s e d i m e n t s .
m a r s h e s , p e a t s
l a k e s e d i m e n t s
V A L L E N T Y N E ( 1 9 5 7 o j
S W A I N " 0 1 . ( 1 9 6 4 )
0 . 1 - 2
l l - O . 0 6 3
l l - O . 2 6 0
0 , 0 2 4 - 0 , 1 0 4
ORGANIC COMPOCNDS IS FRESHWATER LAKES A:"ID RlVERS 103
reference
lSK el a1. (930)
JDISCH at 01. (1934)
JDISCH (1938)
MOV at 01. (1937)
ITY (1941)




also be preserve:! in lake muds for thousands
of years. According to SWAIN and VEN-
TERIS (1964) the level of concentration of
flavinoid pigments in lake sediments can be
used as an indication of the level of bio-
logical activity of the environment.
VUamins and toxins
Several vitamins have been detected in
aquatic environments. Table 8 lists the vita-
mins in the waters, whereas in Table 9 the
vitamins are shown which have so far been
detected in freshwater sediments.
Vitamin B12 may be an important eco-
logical factor as many algae are known to
have a B12 requirement. The concentration
of the vitamin was found for a Japanese
lake to increase with depth (KASHIWADA,
KAKIMOTO and KAWAGOE 1957-1958\.
It was also found that the concentration was
largest in the early morning and decreased
after sunrise (KASIWADA, KAKIMOTO,
KANAZAWA, KUROKI and NOZAWA
1959). EMANUILOV, NACHEV, VEL·
CHEVA and DAOV (1962) reported for
Bulgarian lake sediments a rise in the vita-
min B12 content towards the autumn.
Several unidentified toxins have been re-
ported in aquatic environment (LUCAS
1947, DENFFER 1948, LEFEVRE and
NISBET 1948, LUCAS \949, LEFEVRE.
JAKOB and NISBET 1952, RICE 1954,
RYTHER 1954). Some of these are toxic
proJucts produced by freshwater algae.
Phytoplankton such as Anabaena; Al'hani-
zomenon, Chlorella, Coelosphaerium, Glea-
trichia, Microcystis, Nit::,schia, Nodularia,
Oscillatoria, Pandorina, Prolusi/Jhon, Prym-
nesium, Stichococcus, and Thalassiosira can
pro:luce compounds that are either toxic. to
other species of algae or to bacteria. zoo-
plankton. mice, guinea pigs, fish, chickens,
ducks, geese, turkeys. rabbits. cats. dogs.
pigs. sheep, cattle and horses (FLINT and
MORELAND 1946, PRESCOTT 1948,
LOUW 1950. OLSON 1951. LEFEVRE.
JAKOB and NISBET 1952, 'INGRAM and
PRESCOTT 1954, RICE 1954, RYTHER
1Y54, HUGHES. GORHAM and ZEHN-
DER 1955, SAUNDERS 1957).
ERSEN et 01. (1955)




Table 8. The Occurrence of Vitamins in Lake and River Waters
concentration types detecled location reference
(~g/L)
•
0.03-1.2 thiamin (vit.B j ) North American HUTCHINSON (1943)
inland lakes
0.15-0.89 niacin (nicotinic acid) :"Jorth American HUTCHINSON (1943)
inland lakes HUTCHINSON et al. (1946)
0.003-0.004 biotin North American HUTCHINSON (1943)
inland lakes HUTCHINSON et 01. (1946)
0.1-2 vitamin BIZ lake waters ROBBINS PI al. (1950)
0-0.063 vitamin BIZ L Ikeda (Japan) KASHIW ADA el 01.
(1957-1958)
0-0.260 folic acid river waters (Japan) KASHIWADA el al. (1962)
0.024-0.104 folic acid L. Ikeda (Japan) KASHIWADA at al. (1962)
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